Objectives/Hypothesis: This study aimed to determine the incidence of major complications following both primary and revision transsphenoidal pituitary surgery. Major complications included endocrinopathic, skull base, orbital, hemorrhagic and thromboembolic complications, respiratory failure, and death. Secondarily, this study aimed to examine factors associated with the occurrence of complications.
INTRODUCTION
Pituitary tumors (PTs) are a diverse group of neoplasms of the pituitary, with an estimated prevalence of approximately 15%. 1 The vast majority of PTs involve adenohypophyseal cells of the pituitary, and are histologically proven to be benign pituitary adenomas. Although most PTs are asymptomatic, they may compress surrounding structures and secrete abnormal levels of pituitary hormones causing various endocrinologic symptoms. Although pharmacologic 2 and radiation therapies 3, 4 are used, surgical resection is the primary treatment of choice for most patients with symptomatic PTs. 5, 6 Today, the most common surgical treatment of PTs is resection using an endonasal transsphenoidal approach. This approach has been used since 1906, 7 with continued refinement and adoption of microsurgical 8, 9 and, more recently, endoscopic techniques. 10 The introduction of the endoscope to endonasal pituitary surgery in the last 20 years has been an evolutionary milestone in the field and led to the increased role of the otolaryngologist in PT resection surgeries. 11 Despite its long history and widespread use, reports of the incidence of transphenoidal pituitary surgery-related complications have primarily come from experiences at single institutions with varying characteristics and patient populations. As a result, the risk of major complications from transphenoidal pituitary surgery is unknown, with reported rates ranging from 0% to 20%. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] The major complications described include cerebrospinal fluid (CSF) leak, dural tears, bacterial meningitis, perioperative hemorrhage, carotid artery injuries, orbital injuries, permanent diabetes insipidus (DI), and permanent panhypopituitarism.
Although rare, recurrence of PTs may warrant revision surgical resection. 28 Revision surgery is theoretically more challenging due to distorted anatomy and scarring. Additionally, revision surgery often occurs in the context of residual tumors that were either missed or not easily resected on primary surgery. Therefore, these cases may require more aggressive and technically challenging dissection. 29 Although intuitively believed to be more risky than primary surgery, to date no study has examined the rate of complications specifically following revision pituitary surgery.
The goal of this study was to determine the rate of major complications following both primary and revision transsphenoidal PT resection using a large populationbased database containing nearly 6,000 cases. Major complications queried included endocrine, skull base, orbital, hemorrhagic and thromboembolic complications, respiratory failure, and death. In addition, using multivariate analysis, this study aimed to examine factors that may be associated with the occurrence of major surgical complications including patient and clinical characteristics.
MATERIALS AND METHODS

Study Design
This study is a retrospective analysis of patients who underwent either a primary or revision transsphenoidal resection of a PT using large population-based databases from 2005 to 2008. The primary outcome of interest was the rate of major surgical complications. The institutional review board of Washington University in the St. Louis School of Medicine approved this study.
Data Sources
Using the Healthcare Cost and Utilization Project (HCUP) state databases from California and Florida, a cohort of patients who underwent transsphenoidal PT resection between 2005 and 2008 was identified. The HCUP state databases contain information abstracted from hospital discharge records regardless of primary payer (including Medicare, Medicaid, private insurance, and no insurance). In the HCUP state databases, the State Inpatient Database (SID) provides information from inpatient hospital visits, 30 the State Ambulatory Surgery Database (SASD) provides records from ambulatory surgery visits at both hospitals and free-standing ambulatory surgical centers, 31 and the State Emergency Department Database (SEDD) provides records from emergency department visits. 32 The Agency for Healthcare Research and Quality (AHRQ) revisit files allow individual patients to be linked across all three databases longitudinally using date of birth, gender, and an encrypted patient identifier. Additionally, the revisit files provide information about the time period from one visit to another for each patient, while keeping exact dates encrypted to protect patient confidentiality. As a result, these databases offer researchers the ability to examine surgical complications Fig. 1 . Study flow diagram. *A major complication was defined as: a skull base complication, chronic endocrinologic complication (chronic diabetes insipidus or chronic panhypopituitarism), chronic orbital complication (chronic diplopia, chronic paralytic strabismus, or chronic visual deficit), hemorrhagic complication requiring transfusion, internal carotid artery injury, pulmonary embolism/deep venous thrombosis, the use of continuous postoperative mechanical ventilation, or in-hospital death.
that occur at the time of surgery or after hospital discharge. Taken together, the California and Florida HCUP databases offer access to a combined population of over 56 million, with information from more than 90% of community hospitals contained in the databases. 33 
Study Population
Cases of transsphenoidal surgery of PTs were identified from the SID from January 2005 through December 2008. Current Procedural Terminology codes are not tracked within the SID. Therefore, all cases were identified using International Classification of Diseases, Ninth Revision (ICD-9) Volume 3 procedure codes for transsphenoidal pituitary surgery (07.14, 07.62, or 07.65). All cases were required to have a concurrent ICD-9 diagnosis code for a benign, uncertain, or malignant pituitary neoplasm (227.3, 237.0, 239.7, or 194.3), acromegaly (253.0), or Cushing's syndrome (255.0).
Primary cases were defined as the first case of transsphenoidal pituitary surgery for a PT identified in the SID database from 2005 to 2008. If a patient had a previously documented pituitary surgery in the database, the next case meeting the aforementioned criteria was defined as the revision case. Subsequent cases (three or more surgeries for the same patient) were excluded from all analyses, as repeat revision surgeries were believed to be exceedingly rare, and these results would have limited widespread clinical applicability. After identification, primary and revision cases were linked to the SASD and SEDD using AHRQ revisit files. Cases were linked to the other databases to extract information on complications that may have occurred outside of the initial hospitalization. If a case was missing the encrypted patient identifier used for linkage, it was excluded from this study, because these cases could not be examined for future complications (Fig. 1) .
Measures
Primary outcome. The primary outcome of this study was the occurrence of a major complication following transsphenoidal pituitary surgery. All potential complications were identified based on either ICD-9 diagnosis codes or ICD-9 procedure codes related to a complication (Table I) .
Complications were divided into the following categories: skull base, orbital, endocrinologic, hemorrhagic, other (including pulmonary embolism [PE]/deep venous thrombosis [DVT] or use of postoperative continuous mechanical ventilation), or death. Cases were considered to have a skull base complication if they were diagnosed with a CSF leak or bacterial meningitis within 90 days after the time of surgery. Cases were considered to have a chronic endocrinologic or orbital complication if they were diagnosed with diabetes insipidus, panhypopituitarism, diplopia, paralytic strabismus, or visual disturbance within 30 days of surgery with documentation that the complication persisted >90 days after surgery. Cases were considered to have a hemorrhagic complication if injury to the internal carotid artery (ICA) was documented or the patient required a blood transfusion within 30 days of surgery. Additionally, patients were considered to have an "other" major complication if they required continuous mechanical ventilation after surgery, were diagnosed with a DVT, PE, or underwent inferior vena cava filter placement within 30 days of surgery. For all complications, records 1 year prior to surgery were examined in an effort to assure that a complication was not present prior to the time of surgery.
Covariates analyzed. All covariates were defined based on information at the time of surgery. Age was divided into four categories: <18 years, 18 to 40 years, 41 to 65 years, and >65 years. Race was divided into four categories: white, black, Hispanic, and other. The category of other race included Asian, Pacific Islander, as well as Native American. Primary expected payer was collapsed into three categories: private insurance, Medicare, and Medicaid/other.
Statistical Analysis
Standard descriptive statistics were used to describe the study population, and the rate of major complications following transsphenoidal pituitary surgery was then calculated. For primary surgical cases, the associations between available demographic and clinical characteristics and the occurrence of complications were evaluated using v 2 tests. The rate of complications following revision transsphenoidal pituitary surgery was then examined. The rate of complications following primary surgery and revision surgery was initially compared using standard v 2 tests.
All covariates that achieved a level of significance <.10 on univariate analyses, as well as gender and revision status, were entered into a logistic regression analysis to determine potential predictors of major complications. To determine the risk of revision surgery as compared to primary surgery the PROC SUR-VEY LOGISTIC command in SAS (SAS Institute, Cary, NC) was applied to the logistic regression model. Diagnostic tests including tests of multicollinearity were performed to test the assumptions of the final model. In addition, potential interactions between predictive covariates were checked. SAS 9.2 (SAS Institute) was used for database management and statistical analyses. In accordance with rules described by HCUP, all results based on tabulated data of 10 individuals were reported as "10" in the tables to protect patient confidentiality.
RESULTS
Patient Characteristics
Among the 5,815 cases of transsphenoidal surgery for PT identified, 5,277 primary cases and 192 revision cases met inclusion criteria (Fig. 1) . The mean (standard deviation) age of the included population was 51.3 (16.8) . Approximately twice as many cases came from the California database as compared to Florida. Nearly half of the cases were white (n 5 2,574, 49%) with the majority having a primary payer of private insurance (n 5 3,304, 63%). The most common primary transsphenoidal procedure performed in this cohort was a partial excision (n 5 3,951, 75%) of the pituitary for a diagnosis of a benign neoplasm (n 5 5,168, 98%).
Characteristics of Primary Complications
The distribution of characteristics for patients experiencing a skull base complication or any major complication is described in Table II . Among the 5,277 primary transsphenoidal pituitary surgery cases, a total of 443 major complications were identified representing a major complication rate of 8.39% (95% confidence interval [CI]: 7.67% to 9.17%). Of the major complications following primary surgery, 189 skull base complications (complication rate of 3.58%), 25 orbital complications (complication rate of 0.47%), 84 endocrinologic complications (complication rate of 1.59%), and 110 hemorrhagic complications (complication rate of 2.08%) were identified. Additionally, 113 other complications (complication rate of 2.14%) involving occurrence of a DVT/PE or the use of continuous mechanical ventilation postoperatively occurred. Finally, 23 cases resulted in a death within the hospitalization (death rate of 0.13%). 
Comparison of Risk of Complications Following Primary Versus Revision Surgery
The rate of each individual complication is described and compared between primary and revision cases in Table III . The rate of major complications following revision surgery was not significantly higher than primary surgery (11.46% vs. 8.39, OR: 1.41, 95% CI: 0.89 to 2.25). However, this did represent a nonsignificant absolute increase of 3.09% (95% CI: 211.00 to 16.14) in complications following revision surgery. The rate of skull base complications was nearly twice as high following revision cases as compared to primary cases (6.25% vs. 3.58%, OR: 1.80, 95% CI: 0.98 to 3.28). Finally, the rate of chronic endocrinologic complications, orbital complications, hemorrhagic complications, and other complications (PE/DVT, use of mechanical ventilation, or death) was similar between primary and revision cases.
Predictors of Major Complications (Multivariate Model)
Patient age, primary payer, type of neoplasm (benign, uncertain, or malignant), and type of case (primary or revision) were entered into a logistic regression model to examine predictors of major complications following surgery. In this model (Table IV) , the rate of major complications was significantly increased in patients with a primary payer of Medicare (OR: 1.74, 95% CI: 1.17 to 2.61) or Medicaid (OR: 2.13, 95% CI: 1.59 to 2.86) as compared to patients with private insurance. In addition, major surgical complications were more common in cases with a diagnosis of a malignant neoplasm as compared to a benign neoplasm (OR: 3.10, 95% CI: 1.62 to 5.93). In the multivariate model, cases involving a revision surgery were not significantly more likely to have a major complication as compared to cases involving a primary surgery (OR: 1.41, 95% CI: 0.85 to 2.32).
DISCUSSION
Using a population-based cohort, we examined the rate of major complications following 5,277 primary and 192 revision cases of transsphenoidal pituitary surgery. The overall rate of major complications following primary surgeries was 8.39%, whereas 11.46% of revision cases resulted in a major complication. Among primary cases and revision cases, approximately 0.44% and 0.52% of cases, respectively, resulted in a death during the hospitalization. Of note, the rate of skull base complications was nearly twice as high after revision cases as compared to primary cases. However, the rate of chronic endocrinologic, orbital, hemorrhagic, and other complications was similar following both primary and revision surgeries.
Prior reports of major complications following transsphenoidal pituitary surgery have ranged significantly and have consisted primarily of experiences at single institutions with varying characteristics and patient populations. A recent retrospective study of a single surgeon's endoscopic experience in 570 patients with pituitary adenomas reported an overall complication rate of 12.1%. In this study, Berker et al. 34 noted that major complications included postoperative CSF leak in 1.3%, meningitis in 0.8%, permanent DI in 0.4%, and death in 0% of patients. Somewhat higher rates of complications were shown in a meta-analysis published in 2012 containing 38 studies with 2,125 endoscopic and 3,518 microscopic approaches. In this study, major complication rates were similar when comparing endoscopic to microscopic approaches, with only the rate of vascular complications being statistically significantly higher in the endoscopic group. In the endoscopic group, this study noted a death rate of 0.49% with complications including CSF leak in 7.0%, meningitis in 1.1%, vascular complication in 1.6%, visual loss in 0.7%, transient DI in 9.1%, and permanent DI in 2.31% of patients. 35 Unfortunately, using this cohort, we were not able to specifically compare microscopic versus endoscopic approaches.
As compared to these and earlier studies, 12-27 the rate of complications following transsphenoidal pituitary surgery in this cohort was comparatively low, with 8.39% of primary cases resulting in major complications. The lower rate of complications in this study could be due to a number of factors including improved imaging, more extensive preoperative planning, increased experience with the surgery, or improved instrumentation and surgical training that may have occurred since publication of these earlier studies. One major advance in endoscopic skull base surgery has been the development, mastery, and increasing use of the pedicled nasoseptal flap described in 2006, 36 which has proven to significantly improve the success of CSF leak repair and outcomes following endoscopic skull base surgery. This would have been increasingly used in the later half of our years of data collection, and may explain the lower numbers of CSF leak complications found in our dataset. Additionally, earlier reports on complications came primarily from experiences at single institutions. These reports generally represented cases from tertiary facilities that were potentially treating patients with comparatively more challenging anatomy and more comorbidities. Our cohort contained cases from tertiary centers and greater than 90% of community hospitals, thus potentially skewing our data to show a lower complication rate. However, the possibility exists that the comparatively low rate of complications found in this study may be partly attributable to the study's design, which was reliant on administrative coding and may have systematically missed complications.
Reports of complications specifically following revision transsphenoidal pituitary surgery are limited. One retrospective report from the United Kingdom looked at complications in 35 revision cases performed at a single center over 18 years and noted a high rate of complications. 37 This study demonstrated that revision cases involved a CSF leak rate of 17.1%, bacterial meningitis rate of 8.6%, posterior pituitary insufficiency rate of 14.3%, and anterior pituitary insufficiency rate of 14.3%. There were no incidences of ICA injury, blindness, or death in this study. Of note, this experience spanned nearly 2 decades, during a time period when instrumentation, technique, and expertise significantly changed, possibly confounding the results. 37 In our cohort, patients receiving revision surgery were not significantly more likely to have a major complication as compared to patients receiving primary surgery. However, there was a more than 3% absolute increased risk of complications in revision cases. Furthermore, revision cases were nearly twice as likely to result in a skull base complication in this cohort.
In our dataset, the complication rate did not vary by age; however, it did vary significantly by insurance status. To our knowledge, no one has investigated how complications following pituitary tumor surgery vary by insurance status. One recent study by Momin et al. 38 did note that patients undergoing a craniotomy for a brain tumor who were uninsured or had a primary payer of Medicaid were more likely to have in-hospital postoperative death. This finding is similar to other studies, involving numerous surgeries, that have found worse outcomes and increased complication rates in patients who are not privately insured. [39] [40] [41] [42] [43] There are several potential explanations for this finding. First, patients without private insurance have been shown to have decreased access to specialty care, 44 which may lead to delayed treatment, presentation with more advanced disease, and presentation with more comorbidities. Unfortunately, this is only postulation, because the presence of comorbidities and extent of disease could not be specifically evaluated in this database. In addition, Medicaid specifically could serve as a marker for other socioeconomic factors that could be associated with decreased health awareness, worse postoperative compliance, and consequently a higher risk of complications. 45 This study does have several limitations worthy of note. First, all information collected in this populationbased analysis was collected retrospectively from an administrative dataset. As a result, the possibility exists that complications may be systematically undercoded in this dataset. Furthermore, all information from these datasets is collected and linked at the state level using encrypted patient identifiers. Therefore, if a patient has a surgery in one state and his or her complication is noted in a different state, that complication will not be contained in the dataset and lost for analysis. In addition, it is possible that a patient had a pituitary tumor surgery prior to the beginning of the dataset, thus falsely increasing the number of primary cases and decreasing the number of revision cases in our cohort. This would likely result in an overestimation of complications in the primary group and a type II error in comparing primary to revision cases. Finally, the possibility exists that complications were only temporally related to the patient's pituitary surgery and were not truly a complication from the surgery itself. We tried to mitigate this possibility by reviewing patient records for up to a year prior to surgery to see if a complication existed prior to surgery.
CONCLUSION
This study suggests that the rate of major complications following transsphenoidal pituitary surgery is comparably lower than earlier retrospective reports. The overall complication rate following revision surgery was higher than that from primary surgery; however, this difference was not statistically significant. Predictors of increased major complication rates included Medicare and Medicaid insurance status and a diagnosis of a malignant neoplasm. These associations are worthy of further consideration and investigation.
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